19 The vertebrate immune system can produce antibodies that protect the host against 20 pathogens. Females can transmit antibodies to their offspring, which provide short-term 21 protection against infection. The tick-borne bacterium Borrelia afzelii causes Lyme 22 disease in Europe and consists of multiple strains that cycle between the tick vector 23 (Ixodes ricinus) and vertebrate hosts such as the bank vole (Myodes glareolus). We used 24 a controlled experiment to show that infected female bank voles transmit protective 25 antibodies to their offspring that are specific for the strain of B. afzelii. To test the 26 specificity of protection, the offspring were challenged with either the same strain to 27 which the mothers had been exposed or a different strain. The maternal antibodies 28 protected the offspring against the same strain, but not against the different strain. The 29 offspring from the uninfected control mothers were equally susceptible to both strains.
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Ethics statement and animal experimentation permits Five-week-old female bank voles were randomly assigned to one of two 146 experimental groups: control (n = 9) and infected with B. afzelii strain NE4049 (n = 11).
147 Each female in the control group was infested with 4 uninfected nymphs; each female in 148 the infected group was infested with 4 nymphs infected with strain NE4049. At 5 weeks 149 PI, a blood sample and an ear tissue biopsy were taken from each female to confirm their 150 infection status. Females were coupled with different males at 2 and 6 weeks PI, and 151 offspring from the first successful coupling was used in the present study. Seven control 152 mothers and 6 B. afzelii-infected mothers produced a total of 22 offspring and 20
153 offspring, respectively (Table S1 ). At 18 weeks PI, the mothers were sacrificed using 154 CO 2 asphyxiation and the following organs were aseptically dissected: bladder, left ear, 180 The engorged nymphs were collected and tested for B. afzelii to confirm that each 181 offspring had been infested with at least one infected nymph (Tables S3 and S4 ). At 5 182 weeks PI, a second blood sample and a second ear tissue biopsy were taken from each of 183 the 42 offspring to confirm their infection status. At 10 weeks PI, the offspring were 184 sacrificed using CO 2 asphyxiation and the following organs were aseptically dissected: (Tables S3 and S4 ).
297
The analysis of offspring infection status found a highly significant interaction 298 between maternal antibody status and challenge strain (GLM: Δ df = 1, Δ χ 2 = 71.659, p 299 < 0.001). All of the MatAb-offspring became infected regardless of whether they were 300 challenged with strain NE4049 (100.0% = 8 infected /8 total) or strain Fin-Jyv-A3 (100.0% 301 = 11 infected /11 total). This result shows that both strains were highly infectious to naive 302 offspring. The MatAb+ offspring were perfectly protected against strain NE4049 (0.0% = 303 0 infected /9 total), but almost completely susceptible to strain Fin-Jyv-A3 (90.0% = 9
304 infected /10 total), and this difference was significant (χ 2 = 11.992, df = 1, p < 0.001).
305 This result shows that maternal antibodies only protected offspring against the strain with 306 which the mother had been infected.
307
308 Discussion 332 antibodies can protect the offspring for 6 to 10 weeks [4, 36] . In the present study, we 333 showed that maternally transmitted antibodies protected bank vole offspring at 5 weeks 334 post-birth. A previous study on bank voles found that maternally transmitted antibodies 335 against Puumala hantavirus can protect offspring for a period of two and a half months 336 post-birth [36] . Numerous studies on wild rodents (including bank voles) have shown that 337 sub-adults have a lower prevalence of infection with B. burgdorferi sl than adults
338
[19,20,29,37]. The common explanation is that adults have had more time than sub-adults 339 to be exposed to infected ticks. Our study suggests that maternal antibodies may also help 340 to reduce the prevalence of B. burgdorferi sl in sub-adult rodents.
341

Importance of maternal antibodies for the ecology of Lyme borreliosis:
342 Previous studies on wild bank vole populations in Finland have shown that maternally 344 In contrast to our study, these studies did not investigate strain-specific antibody 
362
OspC and the mechanism of strain-specific immunity: Our study also showed 363 that the protection of the maternal antibodies was highly strain-specific and most likely . In the 372 present study, we showed that maternal infection with B. afzelii strain NE4049, which 373 carries ospC allele A10, resulted in the presence of IgG antibodies in the offspring that 374 reacted much more strongly with rOspC A10 than rOspC A3. Taken together, our results 375 suggest that maternal antibodies are highly strain-specific and that OspC is a critical 376 antigen for this specificity.
Conclusions
401
We used experimental infections with a common Lyme disease pathogen (B.
402 afzelii) and its natural reservoir host (the bank vole) to show that females transmit 403 maternal antibodies to their offspring. These maternal antibodies were completely 404 protective against the strain that the mother had encountered, but provided no protection 405 against a different strain. The immunodominant OspC antigen appears to mediate this 
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The MatAb-and the MatAb+ are the offspring of 7 uninfected control mothers and 6 B. 
